To investigate relationships between frequency of physical activity or television viewing and body mass index (BMI) cross-sectionally at six ages from childhood to adulthood, to better understand longitudinal relationships. To investigate how the relationships vary with age and gender and whether any relationships are due to confounding factors. METHODS: The 1958 British birth cohort includes all births (approximately 17 000) in one week in March 1958. BMI and physical activity frequency were recorded at 11, 16, 23, 33 and 42 y and television viewing frequency at 11, 16 and 23 y. A total of 11 109 subjects provided BMI and activity data at 42 y. Relationships between BMI and (in)activity were investigated using linear regression. RESULTS: At ages 11, 33 and 42 y in both sexes and at 23 y in female subjects, those who were more active had lower BMIs, and the relationships strengthened with age. At 42 y, the most active had a lower mean BMI than the least active, by 0.83 kg/m 2 in men, and 1.03 kg/m 2 in women. BMI and activity were unrelated at 16 y in female subjects, and 23 y in male subjects. At 16 y in males, the most active males had a mean BMI 0.25 kg/m 2 higher than the least active. At 11 y in female subjects and 23 y in both sexes, those who watched television most frequently had higher BMIs. BMI and television viewing were unrelated at 11 y in males and at 16 y in both sexes. Relationships between BMI and activity or television viewing were largely unexplained by potential confounding factors. CONCLUSIONS: The relationship between BMI and physical activity changes with age. In early adolescence and in adulthood, a higher activity level, or lower frequency of television viewing was associated with a lower BMI. In later adolescence (16 y), television viewing and activity were unrelated to BMI, except for an unexpected BMI-activity relationship in males. We suspect this relationship in males is primarily due to selection effects, whereby physically bigger boys, with a larger BMI, are more likely to take part in exercise activity, and possibly also to BMI being a less accurate predictor of fatness in adolescent boys.
Introduction
Defining the relationship between physical activity and obesity is more complex than it might first appear, and is recognised as such in the literature. Existing cross-sectional and longitudinal studies report inconsistent findings, both in children and adults; some report a protective effect of physical activity against obesity, others find no association and a few have suggested that higher activity is related to increased fatness. [1] [2] [3] [4] This lack of consistency is likely to be partly due to the variety of methods used to measure body fat and energy expenditure or physical activity, but may also be due to gender, age and sociocultural differences in type or range of physical activity. In the UK, girls are only slightly less active than boys up to the age of about 7 y, but from then on through into adulthood, female subjects are noticeably less active than males, 5 a gender difference that is common across the Western world. 2, 3, 6, 7 A recent review suggests that the relationships between physical activity and body fatness are less clear in teenage girls and women because their lower activity levels often do not cover the range of exposure needed to detect an effect. 8 It is also well known that activity levels change over the life-course. Young children are naturally highly active, and their activity pattern, mostly play, is sporadic and spontaneous. As children progress through school, their activity becomes more organised, and from about 10 y in boys and 7 y in girls, they become less active, a decline that is particularly marked in adolescence. 9, 10 Activity in adulthood tends to be more organised and therefore easily categorised, but also declines with age, from the youngest adults through to the elderly. 5 With such marked variation in activity across age and sex groups, there are reasons to suspect that the relationship with obesity will be affected.
With the increase in sedentary lifestyles, the effect of inactivity on markers of obesity has become of greater interest. Television viewing is the most popular leisure-time pursuit (at least in the UK) with figures for 1999 showing that children aged 4-15 y spent about 18 h, and adults aged 25-34 y spent 21-27 h watching television per week. 11 Reported relationships between television viewing and body fatness are far more consistent than those between activity and fatness, and higher levels of television viewing are frequently found to predict obesity. 2, 3 Clearly, television viewing is not the only sedentary behaviour but patterns for other markers of inactivity such as computer use or reading are generally less clear. 12 We investigated, in a large British population sample, how activity and television viewing were related to body mass index (BMI), at 11, 16, 23, 33 and 42 y, that is, from childhood through to early adulthood. In this paper, we examine crosssectional relationships to establish whether these differ by age and gender, and we would argue that it is important to understand these before considering longitudinal relationships. In addition, we examine whether these cross-sectional relationships are confounded by other factors.
Participants and methods

Study population
All children born in England, Scotland and Wales in 1 week of March 1958 were included in the 1958 British birth cohort. From a target population of 17 733 births, information was obtained on 98%. Follow-ups of surviving children were conducted at ages 7, 11, 16, 23, 33 and 42 y. 13 At age 42 y, 11 419 subjects from a target sample of 16 460 provided some information, and 11 109 had data for both BMI and leisure-time activity. Sample attrition has resulted in a slight under-representation of those who are most disadvantaged, but the remaining sample is generally representative of the original sample.
13
BMI BMI (kg/m 2 ) was calculated from heights and weights. At 11 and 16 y, heights (to the nearest inch (2.54 cm)) and weights (in underclothes, to the nearest pound (0.45 kg)) were measured by trained medical personnel. In addition, at 16 y, the examining physician was asked to record whether he/she considered the study participant to be very thin, thin, normal, moderately obese or grossly obese. At 23 and 42 y, self-reports of weight and height were obtained. At 33 y, height was measured to the nearest centimetre, and weight measured with indoor clothing, without shoes, to the nearest 0.1 kg. Data at ages 23 and 33 y have been checked to detect coding errors. 14, 15 BMI values for women who were pregnant at 33 y (n ¼ 256) were excluded. Owing to discrepancies between measured height at 33 y and self-reported height at 42 y (17% showed a difference of 43 cm), BMI at 42 y was calculated using 33 y height except where unavailable, in which case 42 y height was used (n ¼ 422).
Physical activity and television viewing
Physical activity frequency at 11, 16, 23, 33 and 42 y was assessed by questionnaire (details given in Table 1 ). At 11 y, the mother reported how often the child used parks, recreation grounds, swimming pools, and indoor play centres and the child was asked how often (s)he played outdoor sport or took part in sport outside school hours. These five activity variables were combined to give a single variable with four categories ranging from least active to most active (see Table 1 for details). At 16 y, participants were asked how often they played outdoor and indoor games and sports, and went swimming and dancing. We combined the four activity variables to give a single variable (Table 1) . At 23, 33 and 42 y, participants responded to a single question about sports participation at 23 y, and physical activity with examples given at 33 and 42 y (Table 1) . Additionally at 33 y, cohort members were asked how much physical effort was involved in their job: none, a little, some or a lot. Television viewing frequency was assessed, also by questionnaire, at 11, 16 and 23 y. At 11 and 16 y, cohort members reported how often they watched television as often, sometimes or never/hardly ever and at 23 y from 5 times a week or more to not at all in the last 4 weeks (same categories as for activity, Table 1 ).
Potential confounding factors
The influence of several previously identified potential confounding factors was considered.
Parental body size. Maternal height without shoes was measured, and pre-pregnant weight self-reported in categories of 1 stone, shortly after the birth of the cohort member. Heights and weights of both parents were reported by the mother when the cohort member was 11 y, that is, in 1969. Height was reported to the nearest inch; weights were classified into one of 27 groups ranging from 6 stone 4 pounds (39.9 kg) to 19 stone 10 pounds (125.2 kg). To estimate BMI, parents were assigned a weight equivalent to the midpoint of their weight group.
Social class. Social class was defined using father's occupation, according to the UK 1951 General Registrar's classification. Five categories are used in our analyses: (i) classes I and II (professional and managerial), (ii) III-NM (skilled nonPhysical activity, television viewing and body mass index in the 1958 British cohort TJ Parsons et al At 23 y, the six categories were collapsed into four: 3-5 times per week, 1-2 times per week, 1-3 times in the last 4 weeks, not at all in the last 4 weeks. See Table 3 for frequencies.
33 and 42 y 1. Do you regularly take part in any of the activities on this card (see below for list)Fthat is at least once a month, for most of the year?
Yes No
At 33 and 42 y, the two activity variables were combined. The six categories of variable 2 were collapsed into four; 4-7 days per week, 2-3 days per week, 1 day per week, r3 days per week (Table 3) .
Physical activity, television viewing and body mass index in the 1958 British cohort TJ Parsons et al manual), (iii) III-M (skilled manual), (iv) IV and V (semiskilled and unskilled manual) and (v) those recorded as having 'no male head of household'.
Puberty. Puberty at 11 and 16 y was assessed by doctors. At 11 y, pubic hair pattern in both sexes, and breast development in girls and genitalia in boys were assessed on a scale of 5 (1 ¼ preadolescent, 5 ¼ mature). At 16 y, patterns of pubic and axillary hair were assessed in both sexes as absent, sparse, intermediate or adult, and in boys facial hair and in girls breast development as absent, intermediate or adult. A parent was asked for age at which their son's voice had broken and girls were asked for their age at menarche.
Current height. See BMI above.
Smoking. Smoking was reported by the cohort members (without parents present) at 16 y as numbers of cigarettes smoked per week, in categories of less than 1 to more than 60. At 23, 33 and 42 y, participants reported whether they smoked currently, and how many cigarettes per day they usually smoked. All smoking variables were dichotomised to 'smoker' (at least one cigarette per week at 16 y, one per day at 23, 33 and 42 y) or 'non-smoker' for analyses.
Alcohol intake. At 16 y, cohort members were asked (without parents present) how long it had been since they had consumed an alcoholic drink, in categories from less than 1 week to over 12 weeks ago. Those who consumed alcohol in the last week were asked about consumption of wine, spirits and beer. The two variables were combined into one for analyses. At 23, 33 and 42 y, participants were asked about consumption of different kinds of alcoholic drinks over the last 7 days, and total units were calculated.
Dietary intake. At 33 y, the frequencies of consuming each of the following, that is, fried food (excluding chips), fresh fruit, salad or raw vegetables in winter, chips, sweets or chocolate and biscuits, were reported in six categories: more than once a day, once a day, 3-6 days a week, 1 or 2 days a week, less than 1 day a week, never. The kind of bread (white/wholemeal/other) usually consumed was also reported. 16 At 42 y, a greater range of dietary data was available, but we selected questions most closely corresponding to those asked at 33 y. 16 Responses for each food item were given as one of seven categories: more than once a day, once a day, 3-6 days a week, 1 or 2 days a week, less than 1 day a week, occasionally, never.
Statistical analyses
Cross-sectional relationships between activity or television viewing and BMI were investigated at each age (11, 16, 23, 33 , 42 y) using linear regression models. Activity and television viewing variables were treated as categorical, and the presence of a linear trend in mean BMI across activity categories was tested. The effects of potential confounding variables were examined, as was the effect of physical activity adjusted for television viewing and vice versa. Interactions between physical activity and television viewing were tested. All analyses were carried out for male and female subjects separately, using software SPSS for Windows, version 10.0, SPSS Inc., Chicago, Illinois. Analyses of physical activity and BMI and television viewing and BMI were repeated after excluding cohort members with a disability (11 and 16 y) or a long-standing illness, disability or infirmity, which limited daily activities (23, 33, 42 y). Results were very similar to those presented for the whole sample and are not presented here. Since each follow-up of the cohort members took place over a period of time (6-18 months), the main analyses were also repeated adjusting for exact age (to the nearest month). Results were unchanged and therefore not presented. Main analyses were also repeated after transforming BMI using a natural logarithm, due to skewed distribution of BMI; results were similar to those using untransformed values for BMI and so only the latter are presented here.
Results
Mean BMI, which increases with age, is given in Table 2 . At ages 11, 16 and 23 y, more male than female subjects were active, whereas at 33 and 42 y male and female activity was more similarly distributed (Table 3) . Television viewing was distributed similarly in male and female subjects (Table 4) .
BMI decreased with increasing leisure activity frequency at 11 y in both sexes, at 23 y in female subjects and at 33 and 42 y in both sexes, and all relationships except at 16 y in female and 23 y in male subjects showed a linear trend (Table 5) . At 42 y, the most active had a lower mean BMI than the least active, by 0.83 kg/m 2 in men, and 1.03 kg/m 2 in women. At 16 y in males, the relationship was in the opposite direction; the most active males had a mean BMI 0.25 kg/m 2 higher than the least active, with a linear trend evident. When analyses were repeated using the physician's report of relative weight instead of BMI, the direction of this relationship was confirmed. The proportion of variance in BMI explained by physical activity frequency (R 2 ) varied between 0 and 0.9% (Table 5) .
At 33 y, BMI was related to physical effort involved in occupation such that those who reported some effort involved in their job had a significantly (Po0.05) higher mean BMI than those who had no physical effort involved in their job, by 0.39 kg/m 2 in men, and 0.55 kg /m 2 in women. Those who had a lot of physical effort involved in their job also had, to a lesser extent, an increased mean BMI, by 0.31 kg/m 2 in men (Po0.05) and 0.37 kg/m 2 in women (not significant). When we included leisure activity and occupational activity at 33 y simultaneously in a regression model, the relationships with BMI were strengthened slightly (data not shown). BMI increased with increasing frequency of television viewing at 11 y in female subjects and 23 y in both sexes, with a linear trend seen at 23 y (Table 6 ). At 11 y in males and 16 y in both sexes, BMI was unrelated to television viewing. Physical activity, television viewing and body mass index in the 1958 British cohort TJ Parsons et al
Effect of potential confounding factors
In general, the relationships between BMI and frequency of activity or television viewing were largely unaffected by any of the potential confounding factors; social class at birth, mother's or father's BMI, current height, smoking habits or alcohol intake (16-42 y only), puberty (11 and 16 y only) or dietary intake (33 and 42 y only). Considering physical activity and television viewing simultaneously (ie adjusting each for the other), only at 23 y were there changes in coefficients for the relationships. In males, the difference between most and least active was increased from 0.15 to 0.19 kg/m 2 and became of borderline significance (P ¼ 0.05); the coefficient for television viewing was unchanged. In female subjects, the difference between most and least active was reduced from 0.70 to 0.49 kg/m 2 , as was the difference between the most and least frequent TV viewers, from 0.85 to 0.71 kg/m 2 , with both remaining significant. There was no interaction between activity and TV viewing.
At 11 y in girls, activity and television viewing were not related to each other (data not shown), although both were related to BMI. At 23 y in female subjects, where both activity and television viewing were also related to BMI, greater proportions of the least physically active had the highest frequencies of television viewing.
Discussion
Our study looked at patterns of activity over a 31-year period (11-42 y) of the life course, in a generation growing up during a time of social and technological change, in terms of physical activity. Occupations have become increasingly sedentary; more women have joined the labour market and decreased the time they spend in domestic activities; car ownership and motorised transport have rapidly increased and television viewing and computer games have become more popular. It is suspected that the lifetime of the cohort has corresponded with a general decline in levels of physical Physical activity, television viewing and body mass index in the 1958 British cohort TJ Parsons et al activity. As our data indicate, the cohort has shown increases in their adult BMI over this time period. Analyses presented here focus on cross-sectional relationships between activity and BMI to better understand how these might vary with age. This is an important first stage before attempting to understand longitudinal relationships, such as the causal factors that might be implicated in the increases in BMI in adulthood. Examining (in)activity and BMI at different life stages has revealed inconsistent relationships. In some instances our findings appeared paradoxical, for example, the most active 16-year-old males had the highest mean BMI. These unexpected results raise issues around the direction of the relationship between BMI and activity, which may vary by life stage. In interpreting the findings from the study it is therefore important to consider the changing nature of activity across the life course and how body size or build might be affecting selection into activity, as well as measurement issues. In this study, BMI was measured at 11, 16 and 33 y, but self-reported at 23 and 42 y. Given that self-reported weight tends to be overestimated and height underestimated, 17 BMI at 23 and 42 y may be underestimated. This underestimation tends to be greater in those with a higher BMI, 17 which may mean that the strength of the relationships we observed between activity and BMI at 23 and 42 y could also be underestimated. Physical activity was measured at all ages by very brief questionsFa necessity in large cohort studies measuring a wide range of factors, where physical activity is not a main focus. We acknowledge that the activity variables available at 11 and 16 y are not direct measures of physical activity. There is however, evidence to suggest that they are related to activity; a recent systematic review found that both access to facilities and programs, and time spent outdoors were consistently related to children's physical activity. 18 Our activity measures in adulthood provide a measure of frequency, not duration or intensity, but all three aspects of activity have been found to be relevant to body fatness or weight maintenance. 19, 20 Indeed, current physical activity recommendations are based on all three aspects, stating that 30 min of moderate activity should be accumulated on at least 5, but preferably all days of the week. A major strength of the 1958 cohort is that, unlike many studies, it has measures at several ages and over a long time period. In this study, the different physical activity questions (an inherent problem in any study of physical activity over time and at different ages) were used to rank individuals in order to examine the relationship with BMI. Our measures of physical activity are crude and the probable resulting misclassification may underestimate the relationship between activity and BMI.
Activity and age
In the 1958 birth cohort, the distribution of activity across the categories from most to least active changes with age. Between 11 and 16 y, this is likely to be an artefact, due to changes in measurement questions and categorisation. In women however, there is a considerable (and perhaps unexpected) difference in the most active category between 23 and 33 y; more 33 y olds (27%) took part in activity (4-7 times per week) than 23 y olds (8%) (Z3 times per week). This could be due to question differences. At 23 y, participants were asked how often they played sport of any kind, including yoga, keeping fit and performing similar exercise, whereas at 33 y, participants were prompted to consider a range of activities, including going for walks and cycling. Prompting for activities that are incorporated into daily living (and therefore easily forgotten) has been shown to increase reports of activity. 21 Reports of women's activity are likely to be affected more than men's because activities like walking make a bigger contribution to women's overall activity. 22 Another possibility is that women became more active between 1981 and 1991. Data from the US suggest that leisure-time physical activity increased during the 1980s, but not more so in women than in men. 23 
BMI and activity in childhood
The relationship between leisure activity and BMI appeared to change with age; at 11 y, mean BMI decreased from the least active to the most active. At 16 y, there was no relationship in girls, and unexpectedly, mean BMI increased from the least active to the most active in boys.
There are several reasons why we might see this positive relationship in 16-y-old boys. The most likely explanation is that there is selection of exercise or sport, whereby physically mature boys with a larger BMI are more likely to participate in exercise because of their strength and size. We suspect that in 1974, 16-y-old boys would have been participating in largely sport-based, competitive activities, such as football and rugby for which a larger body size (not only more muscle) would be an advantage. Selection effects are supported by studies from the sports literature, which have shown that boys who are successful in many sports in childhood, particularly in adolescence, tend to be more advanced in biological maturation, and taller than their peers of the same age. 24 Selection opportunities for sports favour older and physically bigger children, particularly in football, 25 and in 1992, the Football Association implemented physical matching of children in selection trials to eliminate this advantage of bigger children. 26 More population-based studies are needed, since in contrast to the sportsfocused studies, early maturing boys in the Amsterdam Growth and Health Study were taller and heavier but less active than their later maturing counterparts. 27 In 16-y-old girls, BMI and activity were unrelated, which might be because the changes in body size and shape during puberty are more advanced in girls than boys, and also because puberty-related differences in size may be less relevant to the activities that girls were typically involved in. The sports literature suggests that in contrast to boys, girls who are successful in sports tend to be delayed in maturation. Later
Physical activity, television viewing and body mass index in the 1958 British cohort TJ Parsons et al maturing girls are also more linear in shape, with longer legs and narrower hips, characteristics which may be more suitable for the activities they are more likely to participate inFsuch as gymnastics and dance. 28 Part of the explanation for the unexpected relationship at 16 y might be that in male adolescents, BMI is a poorer predictor of body fat than in adulthood, or earlier in childhood. However, the relationship was confirmed using the physician's assessment of the adolescent's relative weight, suggesting that our findings were not simply a result of using BMI as a measure. Few studies have investigated the effect of activity on body fatness measured by BMI and an additional method. For example, Finnish adolescents who were consistently active over 6 y, had a similar mean BMI to their peers who were consistently active, but they had lower subscapular skinfold thicknesses, 7 providing some support for the hypothesis that BMI may not be the best measure for fatness at this life stage. However, in the literature overall, relationships between fatness and physical activity in adolescents are inconsistent, irrespective of whether BMI or some 'better' measure of body fat is used, 29, 30 suggesting that the method of measuring body fat is not the only influencing factor.
BMI and activity in adulthood
In adulthood, men and women participating in more frequent leisure-time activity had a lower mean BMI on average than those who were less active. This relationship was evident at 33 and 42 y in both men and women, but at 23 y only in women, and is supportive of a beneficial effect of activity on BMI. However, even in adulthood, it could be argued that selection effects are operating, such that fitter and slimmer men and women are likely to be more active in leisure time.
Although we have no information on the types of activity the cohort members took part in, the Allied Dunbar National Fitness Survey found that in adults aged 16-74 y the most popular activities were noncompetitive, being recreational swimming, exercises, cycling and social dancing. 22 In males, the changing nature of exercise activity between 16 and 33 y from largely competitive to noncompetitive might explain the lack of relationship between BMI and activity at 23 y, which could be in transition from a direct relationship at 16 y (BMI increasing with increasing activity) to an inverse relationship (BMI decreasing with increasing activity) at 33 y. At 33 y, BMI was related to physical effort in occupation in an opposite way to leisure activity, that is, those with more effort involved in their job had a higher mean BMI. This relationship may seem paradoxical, but reflects the previously reported association with social class; 31 those in more manual, physically active jobs have a higher mean BMI. Further work is required to understand the factors underlying this relationship. The effects of both leisure activity and occupational activity on BMI were independent.
In both children and adults, it might seem surprising that social class had no effect on the relationships between BMI and leisure activity, since a higher social class of origin has been consistently related to lower adiposity in male and female subjects at various ages, 29 and men and women in higher social groups are often reported to have higher levels of activity. 5, 16, 32 In children, social class differences in activity may be absent, or related to particular aspects or types of activity. 9, 33 In the 1958 birth cohort, patterns of activity in childhood with social class were inconsistent (data not shown). In 11-year-old boys, there was no clear pattern of activity levels with social class, whereas in 11-and 16-year-old girls the data suggest that girls from higher social classes were more active. At 16 y, a greater proportion of boys from the higher social classes were in the least active group, and a greater proportion from the lower social classes in the most active group. In adulthood (23, 33 and 42 y), the proportion of men and women who were in the least active category increased from social classes I and II to classes IV and V. Thus, the associations between social class and activity may change with age or be changing over time, and vary in strength and direction according to type of activity. Accordingly, in our study, the relationships between activity and BMI did not appear to be confounded by social class.
BMI and television viewing
Increased television viewing was related to increased BMI at 11 y in girls and at 23 y in both sexes. These associations were largely unaffected by potential confounders, suggesting that sedentary behaviour is an important contributing factor to increasing fatness. With time trends suggesting that sedentary behaviours are increasing, a growing number of studies are now focusing on, or including measurements of sedentary behaviour. Several cross-sectional studies in adults 3,34 and children 2, 35, 36 demonstrate a relationship between longer hours of television viewing and increased fatness, and it is likely that since a large proportion of the population watch television on a daily basis, duration of viewing will show stronger relationships than frequency, which might explain our null relationship at 16 y. However, longitudinal studies report less consistent results. 29, 30, 37 BMI and physical activity and television viewing In models investigating the simultaneous effects of physical activity and television viewing on BMI (ie adjusting each for the other) in 11-year-old girls, both television and physical activity were independent predictors of BMI, and the two variables themselves were unrelated. In female subjects at 23 y, the coefficient for physical activity was reduced, as was the coefficient for television viewing but to a lesser extent. This suggests that part of the BMI-physical activity relationship is explained by the fact that the less active women at 23 y watched more television.
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Conclusions
In this cohort, the BMI-activity relationship varied at different life stages, from childhood through to adulthood. Our findings suggest a protective effect of leisure-time activity frequency against obesity in adulthood, and an adverse effect of increased frequency of television viewing. Less consistent results were observed for childhood and adolescence. At 11 y, higher activity levels were associated with lower mean BMI (although not statistically significantly in girls). However, in males at 16 y, higher activity levels were associated with a higher mean BMI. We suspect that the discrepant relationship in 16-year-old males is primarily due to selection effects related to BMI at this life stage, and also, possibly to a lesser extent, due to BMI being a poorer predictor of body fat in adolescent boys than other groups. The potential for 'reverse' causation as an explanation for such inconsistent effects appears to be poorly documented in the medical literature, but accepted in the sports literature.
Further work is therefore needed to establish the direction of causation between activity and obesity, to clarify whether activity is causally related to BMI, or alternatively whether fitter or leaner individuals are selectively engaged in physical activity. Without this work, it is likely that the underlying causal influence of activity on obesity will not be easy to demonstrate in studies of individuals.
